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With the widely use of synthetic edible pigment in the food industry, food safety 
incidents caused by using synthetic pigment illegally occur repeatedly. These 
incidents pose a great threat to the safety of people’s lives, so the rapid determination 
of synthetic pigment in food has become an urgent problem.  
Plasmon-Enhanced Raman Spectroscopy (PERS) is rapid, convenient and high 
sensitive, which has showed advantages in the fied screening of synthetic edible 
pigment.Begin with the Raman scattering, this paper introduces plasmon-enhance 
effect and enhanced mechanism of shell-isolated nanoparticle. According to the 
specificity of Raman spectroscopy, this paper proposes the determination principle of 
synthetic pigment, and thus we construct a determination system of synthetic pigment 
based on PERS, especially the development of an efficient and automated sample 
pretreatment device. The determination system is composed of hardware part and 
software part. 
Hardware of the system mainly includes a pretreatment device, a laser diode 
source module, a spectral data acquisition module and an ARM master control module. 
The pretreatment device can not only realize the automated enrichment and 
purification of synthetic pigment, but also the accurate addition of shell-isolated 
nanoparticle. The laser diode source module emits laser light whose wavelength is 
stabilized and adjusted to illuminate the sample. The collection and conversion of 
Raman signal which is scattered by sample is completed by the spectral data 
acquisition module. All above modules are controlled and connected by the ARM 
master control module.  
Software of the system consists of ARM embedded software and PC application 
software. ARM embedded software which uses the architecture of front and back is 
responsible for receiving the command of PC and LCD interface, and coordinating 















acquiring, processing and identifying the Raman spectrogram of sample. 
Finally, we complete the constructing of the determination system for synthetic 
pigment, and then use the system to detect synthetic pigments in some samples. 
Experimental results indicate that the determination system, which has great 
sensitivity, high accuracy, excellent reproducibility and outstanding efficiency, meets 
the requirements of the rapid determination for synthetic edible pigments. 
 















目  录  
摘  要 ......................................................................................................................... I 
ABSTRACT ............................................................................................................. II 
目  录 ....................................................................................................................... IV 
Table of Contents .................................................................................................. VI 
第一章 绪论 .............................................................................................................. 1 
1.1 课题研究背景及意义 ......................................................................................... 1 
1.2 国内外研究现状 ................................................................................................. 2 
1.2.1 食用合成色素前处理技术研究进展 ........................................................... 3 
1.2.2 食用合成色素测定方法研究进展 ............................................................... 5 
1.3 本课题研究主要内容 ......................................................................................... 7 
第二章 合成色素检测原理与系统方案设计 ................................................. 9 
2.1 拉曼散射产生机制 ............................................................................................. 9 
2.2 等离激元增强拉曼光谱技术 ........................................................................... 10 
2.2.1 等离激元增强拉曼效应 ............................................................................. 11 
2.2.2 壳层隔绝纳米粒子 ..................................................................................... 12 
2.3 合成色素检测原理 ........................................................................................... 13 
2.4 系统总体方案设计 ........................................................................................... 15 
2.5 本章小结 ........................................................................................................... 16 
第三章 检测系统硬件设计 ................................................................................ 17 
3.1样品前处理装置设计 ........................................................................................ 17 
3.1.1 前处理流程选择及设计 ............................................................................. 17 
3.1.2 前处理流程控制电路 ................................................................................. 24 
3.2激光光源模块设计 ............................................................................................ 26 
3.2.1 激光器功率驱动控制电路 ......................................................................... 27 
3.2.2 激光器温度控制电路 ................................................................................. 28 
3.3 光谱采集模块设计 ........................................................................................... 29 
3.3.1 拉曼探头 ..................................................................................................... 29 















3.3.3 CCD 控制驱动器 ........................................................................................ 31 
3.4 主控模块设计 ................................................................................................... 32 
3.4.1 ARM 最小系统设计 .................................................................................... 33 
3.4.2 RS232 电平转换电路 .................................................................................. 35 
3.4.3 USB 通信模块 ............................................................................................. 36 
3.4.4 人机交互模块 ............................................................................................. 37 
3.5 本章小结 ........................................................................................................... 38 
第四章 检测系统软件设计 ................................................................................ 39 
4.1 ARM嵌入式软件设计 ..................................................................................... 39 
4.1.1 嵌入式软件系统架构 ................................................................................. 39 
4.1.2 LCD 人机交互程序 ..................................................................................... 41 
4.1.3 前处理流程控制程序 ................................................................................. 44 
4.1.4 串口通信程序 ............................................................................................. 45 
4.1.5 USB 固件程序 ............................................................................................. 46 
4.2 上位机应用软件设计 ....................................................................................... 47 
4.2.1 上位机软件界面设计 ................................................................................. 48 
4.2.2 上位机软件主要功能设计 ......................................................................... 51 
4.3本章小结 ............................................................................................................ 55 
第五章 检测系统性能测试与分析 .................................................................. 56 
5.1 检测系统搭建 ................................................................................................... 56 
5.2 检测系统性能测试 ........................................................................................... 56 
5.2.1 检测灵敏度测试 ......................................................................................... 57 
5.2.2 检测准确性测试 ......................................................................................... 57 
5.2.3 检测效率及重现性测试 ............................................................................. 58 
5.2.4 光谱判别功能验证 ..................................................................................... 59 
5.3 本章小结 ........................................................................................................... 61 
结  论 ....................................................................................................................... 62 
参考文献 ................................................................................................................... 63 
附  录 ....................................................................................................................... 67 
致  谢 ....................................................................................................................... 68 













Table of Contents 
 VI
Table of Contents 
Abstract In Chinese ................................................................................................ I 
Abstract ..................................................................................................................... II 
Contents In Chinese ............................................................................................. IV 
Contents .................................................................................................................... VI 
Chapter1 Introduction .......................................................................................... 1 
1.1 Backgroud and significance of the paper ......................................................... 1 
1.2 Present research status....................................................................................... 2 
1.2.1 Present pretreatment technology of synthetic edible pigment ....................... 3 
1.2.2 Present determination method of synthetic edible pigment ........................... 5 
1.3 Major research contents .................................................................................... 7 
Chapter2 Determination principle of synthetic edible pigment and 
system design ............................................................................................................ 9 
2.1 Principle of Raman scattering ........................................................................... 9 
2.2 Plasmon-enhanced Raman Spectroscopy technology ................................... 10 
2.2.1 Plasmon-enhanced Raman Spectroscopy effect .......................................... 11 
2.2.2 Shell-isolated nanoparticle ........................................................................... 12 
2.3 Determination principle of synthetic edible pigment .................................... 13 
2.4 Overall design of determination system ......................................................... 15 
2.5 Chapter summary ............................................................................................. 16 
Chapter3 Hardware design of the determination system ....................... 17 
3.1 Design of sample pretreatment device ............................................................ 17 
3.1.1 Selection and design of pretreatment process .............................................. 17 
3.1.2 Control circuit of pretreatment process ........................................................ 24 
3.2 Design of laser diode module ........................................................................... 26 
3.2.1 Control circuit of laser diode power driver .................................................. 27 
3.2.2 Control circuit of laser diode temperature ................................................... 28 
3.3 Design of spectrum acquisition module .......................................................... 29 
3.3.1 Raman probe ................................................................................................ 29 
3.3.2 Optical splitting system ................................................................................ 30 
3.3.3 CCD driver controller .................................................................................. 31 













Table of Contents 
 VII
3.4.1 Design of ARM minimum system ............................................................... 33 
3.4.2 RS232 level conversion circuit .................................................................... 35 
3.4.3 USB communication module ....................................................................... 36 
3.4.4 Man-machine interaction module ................................................................ 37 
3.5 Chapter summary ............................................................................................. 38 
Chapter4 Software design of the determination system ......................... 39 
4.1 Design of ARM embedded programming ...................................................... 39 
4.1.1 Architecture of embedded software system ................................................. 39 
4.1.2 LCD man-machine interaction programming .............................................. 41 
4.1.3 Pretretment process control programming ................................................... 44 
4.1.4 Serial communication programming ............................................................ 45 
4.1.5 USB firmware Programming ....................................................................... 46 
4.2 Design of computer application software ....................................................... 47 
4.2.1 Interface design of computer software ......................................................... 48 
4.2.2 Main function design of computer software ................................................ 51 
4.3 Chapter summary ............................................................................................. 55 
第五章 Test and analysis of determination system .................................. 56 
5.1 Construct of determination system ................................................................. 56 
5.2 Performance test of determination system ..................................................... 56 
5.2.1 Determination sensitivity test ...................................................................... 57 
5.2.2 Determination accuracy test ......................................................................... 57 
5.2.3 Determination efficiency and reproducibility test ....................................... 58 
5.2.4 Spectrum identification test ......................................................................... 59 
5.3 Chapter summary ............................................................................................. 61 
Conclusions ............................................................................................................. 62 
References ................................................................................................................ 63 
Appendix .................................................................................................................. 67 
Acknowledgements ............................................................................................... 68 





































































































































































































Degree papers are in the “Xiamen University Electronic Theses and 
Dissertations Database”.  
Fulltexts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on 
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary 
loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn 
for delivery details. 
厦
门
大
学
博
硕
士
论
文
摘
要
库
